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ABSTRACT

The“cell signalingproblem”is underintenseexperimenal study

Ongoing efforts have identified mary of the compmentsof spe-
cific signalingpathways (receptorsgnzymesadaptersetc.) and,
for each,determinedwhich moleculesit interactswith, how it is

regulatedandwhat functionsit performs. As the numberof iden-

tified moleculeshasgrown and new regulation mechanism$ave

beendiscovered,it hasbecone clearthata major problemwill be

how to incorporatehis informationinto a usefulpredictive model.
Onereceptorsystenthathasreceved considerablattentionis the
multisukunitimmunerecogrition receptorFceRlI, thatplaysacen-
tral role in allemgic reactionsof theimmediatetype [1-3]. Onthe

surfaceof basoplils and mastcells FceRI is compdexed with IgE.

A signalingcascaé is initiatedwhenamultivalentantigenbindsto

IgE andcausesgE-F&RI complexesto form aggreyates.Aggrega-

tion is followedrapidly by phosplorylationof tyrosineson receptor
sulunits,whichfacilitatesbinding of additionalproteinkinasesand
regulatormoleculeghatcomprisethe signalingcascade

We have developeda detailedkinetic modelof the early signaling
eventsthat occur after ligand-inducedaggreation of FceRI. Our
model allows for dimerizationof ligand-receptorcomplexes and
includestwo receptorsulunits that upon phosplorylation becane
binding sitesfor proteinkinases.The modelincludestwo kinases,
Lyn, which is attachedo the inner leafletof the cell membrane,
and Syk, which is presenin the cytosol andpossesseseveral ad-
ditionaltyrosineghatwhenphosghorylatedregulateits activity and
controldockingof additionalsignalingmolecules Theaggreation
of receptorsandthe numbe of differentphosplorylation patterns
createenormaiscompleity in this system.In our model,whichis
highly simplified compaed with the actualFceRI receptorsystem
becawse we lump togetherphosphorylation siteson eachreceptor
sulunit into a single site, there are 354 unique chemicalspecies
andover 10,000possiblereactionsamongthem. We estimatethat
morecompletemodelswill containon the orderof 10,000species
joined by millions of possiblereactions.Simply encodingsucha
network in anerrorfreeway is a challengingtask. In orderto gen-
eratethestatesandchemicakateequationsn ournetwork, we have
developeda robust labeling systemfor receptorstatesand useda
treealgorithmto generateall of the possiblestates. The possible
chemicaltransformationsrethenenumeratedby applyinga setof
fundanentalreactionrules.

To obtainthe time coursesand steady-statealuesof the species
in thereactionnetwork generatedby our model,we have takentwo

approaties.Thefirstis to generate serieof rateequationdor the
concerrationof eachchemicakpeciesn themodelandsolvethese
asa systemof coupleddifferentialequationsusing standardech-
niques. The secondmethodwe have appliedis the kinetic Monte
Carlo approat pioneeredby Gillespie [4], which treatseachof

the molecularspeciesn the systemasa discreteentity. Thereare
two primary advantages of the latter approach The first is that
the stochasti@pprachyields not only the averagenumberor con-
centrationof a given speciesin the system,but also the fluctua-
tions aboutthat average which may be importantwhenthe aver-

agevalueis small. Second,andmoreimportantfor our model, is

thatthe stochasticapproachallows usto tracethe pathof a given

moleculethroughthe network, or to determinethe probability of a

given sequ@ace of reactions. Throughthesetypesof analysesve

hopeto identify candidateeactionor reactionsequencgastargets
for therapeutiantervention.

One motivation for developing suchdetailedmodelsis to aid the
developmentof highly specificdrugsto suppresandesirablere-
sponsesA moreimmediategoalis thedevelopment of apredictive
modelthatcanbe usedto assistin ongoingexperimentalefforts to
mapout the FceRI receptorpathway usinggeneticallyengineered
celllines.H. Metzgerandcoworkers at NIH have developedstable
transfectantthatexpressa smallsubsebf thesignalingmolecules.
Datafrom theseexperimerts have beenusedto determinethe pa-
rametewaluesin our model,andthemodelhasin turn beenusedto
suggeshen experimentghatfurther mapout the pathways or test
hypotheged relationshipsbetweenligand-receptobinding prop-
ertiesandthe activation of signalingmolecules.
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